paper will present the current concept using extensible Markup Language (XML) as the underlying structure for the James Webb Space Telescope (JWST) database. The purpose of using XML is to provide a JWST database, independent of any portion of the ground system, yet still compatible with the various systems using a variety of different structwes. The testing of the JWST Flight Software (FSW) started in 2002, yet the launch is scheduled for 201 1 with a planned 5-year mission and a 5-year follow on option. The initial database and ground system elements, including the commands, telemetry, and ground system tools will be used for 19 years, plus post mission activities.
database certification process, and providing various reports. A centralized certified database repository will be maintained by the Space Telescope Science Institute (STScI), in Baltimore, Maryland, USA.
One of the challenges for the database is to be flexible enough to allow for the upgrade, addition or changing of individual items without effecting the entire ground system. Also, using XML should allow for the altering of the import and export formats needed by the various elements, tracking the verifcatiodvalidation of each database item, allow many organizations to provide database inputs, and the merging of the many existing database processes into one central database structure throughout the JWST program. 1 open source and commercial technology. Often this causes a greater reliance on the use of Commercial-Off-The-Shelf (COTS), which often limits the customization needed in spacecraft ground systems. In our review of the database requirements and the COTS software available, only very expensive COTS software will meet 90% of requirements. Even with the high projected initial cost of COTS, the development and support for custom code over the 19-year mission period was forecasted to be higher than the total licensing costs. A group did look at reusing existing database tools and formats. If the JWST database was already in a mature state, the reuse made sense, but with the database still needing to handing the addition of different types of command and telemetry structures, defming new spacecraft systems, accept input and export to systems which has not been defmed yet, XML provided the flexibility desired. It remains to be determined whether the XML database will reduce the over all cost for the JWST mission.
INTRODUCTION
JWST is a large aperture i n h e d space telescope with a 10-year mission designated to succeed the Hubble Space Telescope (HST). JWST will continue the NASA tradition of advancing breakthroughs in our understanding of the origins of the earliest stars, galaxies, and the very elements that are the foundations of Life'. Current launch date for JWST is 2011. Our goal is to substantially increase the amount science data Many of the personnel working on the database had history from previous GSFC missions, and the past had shown the shorter missions generally did not experience any issues with obsolescence of the database and those systems needing database information. The long-term programs, such as HST, have not only experienced database software applications that are no longer supported, but also the changing out of systems needing the database information. The changing out of systems over time and the applications that become obsolete are generally an unplanned cost that must be absorbed. To switch to another application may sound easy, but for operational systems this involves at a minimum selection, testing, verification, training, and deployment of any new applications. These additional steps increase the total cost and as with most NASA missions, cost must be a consideration. 
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THE ISSUE
The JWST bas been exploring the database structure and tools for approximately two years. During the first year no prime contractor or ground system was chosen. It became apparent that whatever was selected, a goal of The User layer is the nominal file extension attached to files within most operating systems. The file extension assists the user, and the operating system, in determining what application to use for opening, viewing, editing, and saving.
The Application layer is the application that will accept the XML information from the database and allow the user to interact with it using the User layer file extensions.
Structurally, the various applications exchange information and interface with the users to build a database from the XML exchange layer. Figure 2 shows an overview of the database build process. 
GETTING OVER THE HUMP
As part of the effort to explain the entire database process and it's operation in the I&T and real-time operational environments, the STScl produced a series of documents early in the mission phase. The JWST Project Spacecrafl Requirements review (SRR) is currently scheduled for 1%' quarter 2004, yet the database is needed 6 months prior to that to support the Flight Software (FSW) development. As can he seen from figure 4 below, the FSW is only one of many groups that will be exchanging information with the central STScI PRD.
Most database use proprietary formats and structures. The JWST is to he shared across many systems and some of those systems have not been developed or selected at this time. The STScI PRD will contain all the information needed to operate the JWST and it's various systems. The PRD includes, hut is not limited to, the following data types3: All the various data types will have a XML container associated with it. Within each XML container will be the individual TAG'ged elements. These elements will be used by the other system, through an ingest script, to import the database.
One major task that had to he dealt with early on was coming The effort to build a database process, formats, and tools prior to the requirements being defined caused many issues to be discussed very early in the spacecraft development process. This has lead to changes occurring which in a normal development would not happen.
Besides the frustration and the amount of time needed to make the changes, in the 'big picture' over the life of JWST this will he remembered as a minor inconvenience.
COMMERCIAL OFF THE SHELF SOFTWARE
This section discusses the products that were evaluated and used by the Common Command and Telemetry System personnel. The JWST Project, early in the database design process, realized XML was the desired exchange format due to its non-proprietary format and cross application support. Once XML was selected for the data exchange format, it was easy to determine that COTS products were the most cost effective means to implement the PRDMS for the prototype system and operations.
XML allows for easier integration with COTS than in the past because it is an international recognized standard that is implemented throughout industry. This not only allows for a robust infrastructure of tools available for selection, but also allows for standard integration of your XML formats into those applications.
COTS tools for using, manipulating, and translating XML are wide and varied.
During the various COTS product evaluations this actually presented a more of a problem, too many choices. In general when selecting COTS products personnel preferences often cloud the judgment of the evaluators, so getting a fair scoring is often difficult. Also due to money and time constraints, the COTS evaluation was limited in scope. It has been determined that XMLspy, IBM, and TIBCO product lines are the leading COTS products currently available to meet most users XML needs. In addition to viewing, importing and manipulating the XML data structures, there are many COTS tools for displaying the data.
Our team plans on using the standard web interfaces for the graphical interface, but with sophisticated tools to validate the end-user data at input. At this time the final selection has not been made.
There is much evidence that a well thought out, well implemented COTS solution will improve the speed and reduce expenses of software development projects. There is further evidence that these benefits are often not as great as most of us would like them to be. It is certainly tempting to think, when planning a project, that the reports and charts will be a breeze because they will all he implemented with COTS products. Care should be taken when planning a project to consider all of the activities that should be performed and to schedule time and resources to complete these activities adequately. It is also important to look at the long-term issues associated with the solutions you ~e l e c t .~
. SUMMARY
The database is only one piece of the entire JWST satellite project puzzle. As has been pointed out, with long-term mission, XML provides many benefits.
> Long-term support > Non-Proprietary format > Easily convertible to existing applications Understanding that XML is an exchange format and not a file extension associated with a particular application is key. Persons are concerned ahout reading and writing XML, as is generally done between file extensions and applications. In the JWST PRD system, XML is a data exchange format between computer systems, persons will view the data using a web interface that will present the data in a user friendly COTS tools for XML are very wide and varied. To coble together various low cost and free tools can be more expensive in the long run than choosing a more expensive tool that meets all the needs. Often it is not the initial price of COTS that is the main cost, hut the price of upgrades, licenses, testing, integration, and deployment. For a long-term program like JWST, COTS appears to meet the needs at a lower cost than a custom development effort.
XML is an excellent exchange format and would recommend its use for any database structure. 
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